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(57) ABSTRACT

A filter circuit that includes a thin film layer supported on a
substrate serving as a medium layer for a capacitor formed
between a top electrode layer and a bottom electrode layer
formed above and below the thin film layer. The top elec-
trode layer is patterned into microstrips for functioning as an
inductor for the filter circuit.
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CIRCUITS AND MANUFACTURING
CONFIGURATIONS OF COMPACT BAND-PASS
FILTER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This invention relates generally to the device con-
figuration and processes for manufacturing band-pass filters
(BPF). More particularly, this invention relates to an
improved circuit and packaging configuration and manufac-
turing process for making compact band-pass filters.

[0003] 2. Description of the Prior Art

[0004] For those of ordinary skill in the art, the configu-
rations and the processes of manufacturing the band-pass
filters (BPF) are still faced with technical challenges due to
the fact that noises and harmonic resonance signals of higher
and lower frequencies cannot be effectively filtered out.
Furthermore, there are limitations to further improve the
form factor and to reduce the size of the BPF circuits due to
a conventional configuration by assembling and packaging
the BPF by using different circuit components, e.g., circuit
components of capacitors and inductors. As more and more
mobile communication devices, e.g. cellular phones and
personal digital assistant (PDAs), are become popular, there
is ever increasing demand to provide BPF with high peak
and low noise that can be further miniaturized to fit into very
compact portable devices. Due to conventional method and
configurations of assembling electronic components into
BPF, a person of ordinary skill in the art still have difficulties
to satisfy such demands due to these technical limitations.

[0005] Referring to FIG. 1A for the conventional BPF
formed by using chip inductors, spiral inductors, chip
capacitors, and MIM capacitor to form the band pass filter
as that shown in FIG. 1B. Such BPF occupies large areas
thus greatly limiting the flexibilities for miniaturization.
Furthermore, the conventional BPF circuits as that shown in
FIG. 1C includes two symmetrical resonators connected in
parallel. The bandpass waveform is shown in FIG. 1D. One
of the resonators has a resonant frequency f0 at the center of
the passband and another resonator has a resonator fre-
quency at a different frequency for eliminating the trans-
mission of signals at that frequency. The conventional BPFs
as shown still have the limitations that there are spurious
signals passing through at the low frequencies and resonant
harmonic noises at higher frequencies. These signals affect
the quality and performance of signal transmissions in the
telecommunication systems.

[0006] Sasaki et al. disclose in U.S. Pat. No. 6,326,866,
entitled “Bandpass filter, diplexer, high-frequency module
and communications device”, a bandpass filter. The BPF is
provided for forming attenuation extremes on both sides of
a passband. Multiple microstrip line resonators, one end of
each being an open terminal and the other end connecting to
a ground electrode, are provided in a row, and the inner
microstrip line resonators are bent in a C-shape so that the
open terminals of the outer microstrip line resonators project
further than the inner microstrip line resonators. The line of
sight between the open terminals of the microstrip line
resonators is improved and capacitance is formed there, so
that Sasaki’s invention is able to form attenuation extremes
on both sides of the passband, to increase the amount of
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attenuation. Sasaki’s technique however is limited by the
larger size in forming the capacitors that spread over the
horizontal directions. The BPF of Sasaki is further limited
by the form factor of the package that does not allow
convenient and compact connections to external circuits due
to a requirement that separate connections are required to
implement the BPF as that disclosed in this patented inven-
tion.

[0007] InU.S. Pat. No. 6,700,462 entitled “Microstrip line
filter combining a low pass filter with a half wave bandpass
filter”, Nakamura et al. disclose a plurality of composite
elements arranged in parallel with each other on a substrate.
The composite elements each include a rectangular micros-
trip line element, an input microstrip line and an output
microstrip line. The microstrip line element has one longer
side, the other longer side, one end and the other end, and the
input microstrip line is connected at the one end to the one
longer side while the output microstrip line is connected at
the other end to the other longer side. The composite
elements are cascaded to constitute a low-pass filter. As
Nakamura’s invention provides circuit configurations that
may be useful as a reference, Nakamura’s inventions do not
provide specific solution to provide BPF configurations that
would be useful to improve the BPF as now available by
conventional technologies to overcome the limitations and
difficulties as now encountered by a person of ordinary skill
in the art.

[0008] In a Patent Publication 20030095014, Lao et al.
disclose a connection package for high-speed integrated
circuits employed in optical, electronic, wired or wireless
communication. The connection package includes a sub-
strate  having microstrips for communicating signals
between the IC pads and external terminals. A pair of
differential microstrips can be positioned closer to each
other near the IC pads and create capacitive coupling. Such
coupled capacitance allows the width of the microstrips to
be reduced. A portion of the coupled microstrips near the IC
pads can be widened to increase the capacitance so that the
overall transmission path can become an all-pass network—
from the IC pads, through the bonding wires, to the micros-
trips. The rest of the portions of the microstrips can be
tapered out to their respective external connectors. In addi-
tion, a multi-layer package may include a substrate, at least
one coaxial external terminal formed at the side of the
package for conducting a high-speed signal, BGA connec-
tors formed at the bottom of the package for conducting
low-speed signals, a microstrip for connecting the high-
speed signal to the coaxial terminal, and microstrips and
internal coaxial connectors for connecting the low-speed
signals to the BGA connectors. There is an advantage of the
packaging configuration that maintains substantially con-
stant characteristic impedance throughout the signal trans-
mission paths in the package. However, the configuration
and method of employing the mircrostrips do not provide a
method to resolved the difficulties and limitations of making
compact and high performance bandpass filters.

[0009] In US Patent Application 20020118081, Liang et
al. disclose a hybrid resonator microstrip line filters form a
substrate that includes a ground conductor and a plurality of
linear microstrips positioned on a the substrate with each
having a first end connected to the ground conductor. A
capacitor is connected between a second end of the each of
the linear microstrips and the ground conductor. A U-shaped
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microstrip is positioned adjacent the linear microstrips, with
the U-shaped microstrip including first and second exten-
sions positioned parallel to the linear microstrips. Additional
capacitors are connected between a first end of the first
extension of the U-shaped microstrip and the ground con-
ductor, and between a first end of the second extension of the
U-shaped microstrip and the ground conductor. Additional
U-shaped microstrips can be included. An input can coupled
to one of the linear microstrips or to one of the extensions
of the U-shaped microstrips. An output can be coupled to
another one of the linear microstrips or to another extension
of one of the U-shaped microstrips. The capacitors can be
voltage tunable dielectric capacitors. Special functional
applications by configuring the microstrips in different
shapes are disclosed. These microstrip configuration how-
ever do not provide a solution or device configuration to
form compact and bandpass filters with improved form
factors while providing high peak and low noise perfor-
mance.

[0010] Therefore, a need still exists in the art of design and
manufacture of bandpass filters to provide a novel and
improved device configuration and manufacture processes
to resolve the difficulties. It is desirable that the improved
BPF configuration and manufacturing method can be sim-
plified to achieve lower production costs, high production
yield while capable of providing BPFs that are more com-
pact with lower profile such that the inductor can be con-
veniently integrated into miniaturized electronic devices. It
is further desirable the new and improved BPF and manu-
facture method can improve the production yield with
simplified configuration and manufacturing processes.

SUMMARY OF THE PRESENT INVENTION

[0011] Tt is therefore an object of the present invention to
provide a new structural configuration and manufacture
method for manufacturing an bandpass filter (BPF) with
simplified manufacturing processes to produce BPF with
improved form factors having smaller height and size and
more device reliability. It is further an object of the invention
to improve the bandpass filtering performance by providing
special circuit configuration such that the noises and har-
monic resonance can be further reduced.

[0012] Specifically, this invention is a simplified method
to manufacture a filer circuit by employing a thin film as a
medium layer between a top and a bottom electrode layer.
The method further includes a step of patterning the top and
bottom electrode layer into microstrips to function as induc-
tors and coupling capacitors to have a combine function as
a filter circuit. The method further includes step of forming
the filter circuit by defining high and low attenuation fre-
quencies above and below the bandpass filter rang such that
the performance of the bandpass filter is greatly improved.
With the simplified manufacturing method, the production
costs and time are significantly reduced, and the product
reliability is greatly improved.

[0013] Briefly, in a preferred embodiment, the present
invention includes a bandpass filter that includes a top
electrode layer and a bottom electrode layer disposed above
and below a thin dielectric layer supported on a substrate
wherein the top and bottom electrode layer having micros-
trips to function as inductors and capacitors. And, the
bandpass filter further includes an attenuated transmission
frequency outside of a bandpass frequency rang of the
bandpass filter
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[0014] This invention discloses a method for manufactur-
ing a filter circuit. The method includes a step of forming a
thin film layer on a substrate to function as a medium layer
and forming a capacitor by forming a top electrode layer and
a bottom electrode layer above and below the thin film layer.
The method further includes a step of patterning the top
electrode layer into a microstrip for functioning as an
inductor for the filter circuit

[0015] These and other objects and advantages of the
present invention will no doubt become obvious to those of
ordinary skill in the art after having read the following
detailed description of the preferred embodiment which is
illustrated in the various drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1A is a top view of a conventional bandpass
filter (BPF) and FIG. 1B is the circuit diagram of the
conventional BPF.

[0017] FIGS. 1C and 1D show a circuit diagram and
waveform respectively of the passband of a conventional
bandpass filter.

[0018] FIG. 2A is an equivalent circuit diagram of a BPF
of this invention and FIG. 2B is a top view for showing the
micro-strip implementation to form the BPF of FIG. 2A.

[0019] FIGS. 2C-1 to 2C-10 is a series of cross sectional
views and perspective views for showing the layer structures
and processes for manufacturing the band pass filter of this
invention.

[0020] FIG. 3A is an equivalent circuit diagram of another
embodiment of a BPF of this invention and FIG. 3B is the
top view for showing the micro-strip implementation to
form the BPF of FIG. 3A.

[0021] FIGS. 4A and 4B are a circuit diagram and wave-
form of a BPF of this invention.

[0022] FIGS. 5A and 5B are a circuit diagram and wave-
form of another BPF of this invention.

[0023] FIGS. 6A and 6B are a circuit diagram and wave-
form of another BPF of this invention.

[0024] FIGS. 7A and 7B are a circuit diagram and wave-
form of another BPF of this invention.

[0025] FIGS. 8A and 8B are a circuit diagram and wave-
form of another BPF of this invention.

[0026] FIGS. 9A and 9B are a circuit diagram and wave-
form of another BPF of this invention.

[0027] FIGS. 10A and 10B are a circuit diagram and
waveform of another BPF of this invention.

[0028] FIGS. 11A and 11B are a circuit diagram and
waveform of another BPF of this invention.

[0029] FIGS. 12A and 12B are a circuit diagram and
waveform of another BPF of this invention.

[0030] FIGS. 13 to 17 are circuit diagrams of different
BPF implemented with microstrips with semi-lumped dis-
tributed configuration of this invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0031] FIG. 2A shows a circuit diagram of a bandpass
filter 100 and FIG. 2B is a top view of the micro-strip
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implementation supported on a substrate 105 of this inven-
tion implemented as a semi-lump distributed circuit by a
micro-strip line or strip line configuration as that shown in
FIG. 2B. The micro-strip 120 is serial connected to the input
line 110 with a serially connected capacitor 115 to generate
a high frequency resonance f;;. The micro-strip 120 con-
nected in parallel to a capacitor 125 to generate a resonance
frequency at a transmission frequency f0. The micro-strip
120 combined with a coupled micro-strip 130 with a another
capacitor 140 connected in parallel that in combination with
an external feedback capacitor 150 to generate a low fre-
quency resonance at a low frequency f;. The BPF 100 is
configured as a low frequency depression BPF for transmit-
ting a band-pass signal with a depressed low frequency with
reduced low frequency noises.

[0032] Referring to FIGS. 2C-1 to 2C-10 for a series of
cross sectional and perspective views for showing the manu-
facturing processes of the BPF shown in FIGS. 2A and 2B.
Referring to FIG. 2C-1, a metal layer 170, e.g., a copper,
silver or gold layer of four to fifteen microns in thickness, is
deposited on the back of the ceramic substrate 105 as a
ground metal layer. The ceramic substrate 105 is preferably
an aluminum oxide substrate having a thickness ranging
from 0.3 to one millimeter. A glass layer 165 is formed as a
thin film insulation layer is printed on top of the ceramic
substrate. A bottom electrode layer 170 composed of copper;
silver or gold with a thickness ranging from three to fifteen
micrometers is formed on top of the thin film insulation layer
165. A planarization process is performed on the bottom
electrode layer 170. Referring FIG. 2C-2, photoresist masks
175 are applied to pattern the ground layer 160 and the
bottom electrode layer 170. The patterned bottom electrode
layer function as the bottom electrodes for the capacitors in
the BPF. In FIG. 2C-3, an adhesion layer having a thickness
ranging between 0.01 to 0.5 micrometers are formed on top
of the bottom electrode layer 170. Referring to FIG. 2C-4,
a thin film dielectric layer 185 composed of silicon nitride is
formed on top of the adhesion layer 180. The dielectric layer
185 is a medium layer for the capacitor between the top and
the bottom electrodes. FIG. 2C-5 shows the deposition of a
top electrode layer 190 on top of the dielectric layer 185. The
top electrode layer 190 composed of copper; silver or gold
has a thickness ranging between four to fifteen micrometers.
The top electrode layer 190 is patterned to form the top
electrodes of the capacitor and the inductor as shown in
FIGS. 2B. The bottom electrodes of the coupling capacitor
and the feedback capacitor are connected through a via-
connection through the thin film dielectric layer 185. Refer-
ring to FIG. 2C-6, a protection layer 195 is formed to cover
the top of the bandpass filter. Referring to FIG. 2C-7, a stick
break operation is carried out to break the wafer into a
plurality of sticks. In FIG. 2C-8, a metal mask is applied to
sputter a conductive layer 196 then a slice operation is
carried out to divide the sticks into a plurality of chips 197
as shown in FIG. 2C-9, and a barrel plating is performed to
formed the signal input and output connections 198 for each
chip.

[0033] FIG. 3A is a circuit diagram of another bandpass
filter 200 of this invention. FIG. 3B is a top view of the
micro-strip implementation supported on a substrate 205 for
this BPF implemented as a semi-lump distributed circuit by
a micro-strip lines. The micro-strip 220 is serial connected
to the input line 210 with a serially connected capacitor 215.
A second micro-strip 225 is serially connected to the micro-
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strip 220 to generate a high frequency resonance f;;. The
micro-strips 220 and 225 connected in parallel to a capacitor
228 to generate a resonance frequency at a transmission
frequency f0. The micro-strips 220 and 225 combined with
a pair coupled micro-strip 230 and 235 with a another
capacitor 240 connected in parallel that in combination with
an external feedback capacitor 250 to generate a low fre-
quency resonance at a low frequency f; . Additionally, the
micro-strips 220 and 225 combined with a pair coupled
micro-strip 230 and 235 generate a parallel resonator com-
bined with an a feedback capacitor as that described below
further generate a low frequency resonance at a low fre-
quency f;. The BPF 200 is configured as a low frequency
depression BPF for transmitting a band-pass signal with a
depressed low frequency with reduced low frequency
noises.

[0034] Referring to FIG. 4A for a circuit diagram of a
bandpass filter 300 of this invention wherein a capacitor 310
is added to the input end of the BPF. FIG. 4B shows the
attenuation of the transmission signal. The low frequency
noise 310' as shown is further depressed when compared to
the conventional BPF signal transmissions.

[0035] Referring to FIG. 5A for a circuit diagram of a
bandpass filter 350 of this invention wherein an inductor 360
is added to the output end of the BPF. FIG. 5B shows the
attenuation of the transmission signal. The high frequency
noise 360' as shown is further depressed when compared to
the conventional BPF signal transmissions.

[0036] Referring to FIG. 6A for a circuit diagram of a
bandpass filter 400 of this invention wherein a capacitor
410-1 is added that is connected between the resonator
405-1 and the ground terminal of the BPF to add a trans-
mission zero point to the BPF. Also, a capacitor 410-2 is
added and connected between the 405-2 and the ground
terminal of the BPF. As the two resonators 405-1 and 405-2
connected in parallel have a resonance frequency at f0, for
low frequency signals, these two resonators have an equiva-
lent electrical function of inductor. Therefore, for the low
frequency signals, the capacitor 410-1 now added can func-
tion together with the equivalent inductor provided by the
two resonators 410-1 and 410-2 to resonate a low frequency
zero transmission point f; . FIG. 6B shows the attenuation of
the transmission signal. The low frequency noise 460" as
shown is further depressed when compared to the conven-
tional BPF signal transmissions.

[0037] Referring to FIG. 7A for a circuit diagram of a
bandpass filter 450 of this invention wherein an inductor
460-1 is added that is connected between the resonator
455-1 and the ground terminal. Also, an inductor 460-2 is
added and connected between the resonators 405-2 and the
ground terminal of the BPF. As the two resonators 455-1 and
455-2 connected in parallel have a resonance frequency at
0, for high frequency signals, these two resonators have an
equivalent electrical function of capacitor. Therefore, for the
high frequency signals, the inductor 460-1 now added can
function together with the equivalent capacitor provided by
the two resonators 410-1 and 410-2 to resonate a high
frequency zero transmission point f;. FIG. 7B shows the
attenuation of the transmission signal. By properly selecting
the inductance of the inductor 460-1, the high frequency
noise 460' at a second harmonic frequency, i.e., twice the
resonance frequency 2*f0, is further depressed when com-
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pared to the conventional BPF signal transmissions as
clearly illustrated in FIG. 7B.

[0038] Referring to FIG. 8A for a circuit diagram of a
bandpass filter 500 of this invention wherein an inductor
510-1 is added that is connected between the resonator
505-1 and the ground terminal. Also, an inductor 510-2 is
added and connected between the resonators 505-2 and the
ground terminal of the BPF. The inductors 510-1 and 510-2
are non-symmetrical. As the two resonators 505-1 and 505-2
connected in parallel have a resonance frequency at f0, for
high frequency signals, these two resonators have an equiva-
lent electrical function of capacitor. Therefore, for the high
frequency signals, the inductor 510-1 now added can func-
tion together with the equivalent capacitor provided by the
two resonators 505-1 and 505-2 to resonate a first high
frequency zero transmission point fi;; wherein fi;, is a
second harmonic frequency. For the high frequency signals,
the inductor 505-2 now added can function together with the
equivalent capacitor provided by the two resonators 505-1
and 505-2 to resonate a second high frequency zero trans-
mission point fi;, wherein fi, is a third harmonic frequency.
FIG. 8B shows the attenuation of the transmission signal.
By properly selecting the inductance of the inductors 510-1
and 510-2 the high frequency noise 510-1' is at a second
harmonic frequency, i.e., twice the resonance frequency
2*f0, and the high frequency noise 510-2' is at a third
harmonic frequency, i.e., trice the resonance frequency 3*f0
are further depressed when compared to the conventional
BPF signal transmissions as clearly illustrated in FIG. 8B.

[0039] Referring to FIG. 9A for a circuit diagram of a
bandpass filter 550 of this invention wherein an inductor
560-1 is added that is connected between the resonator
555-1 and the ground terminal. Also, a capacitor 560-2 is
added and connected between the resonators 555-2 and the
ground terminal of the BPF. As the two resonators 555-1 and
555-2 connected in parallel have a resonance frequency at
10, for high frequency signals, these two resonators have an
equivalent electrical function of capacitor. Therefore, for the
high frequency signals, the inductor 560-1 now added can
function together with the equivalent capacitor provided by
the two resonators 555-1 and 555-2 to resonate a first high
frequency zero transmission point f;; wherein fi; is a second
harmonic frequency. For the low frequency signals, the
capacitor 560-2 now added can function together with the
equivalent inductor provided by the two resonators 555-1
and 55-2 to resonate a low frequency zero transmission point
f;.. FIG. 8B shows the attenuation of the transmission signal.
By properly selecting the inductance of the inductors 560-1
the high frequency noise 510-1' is at a second harmonic
frequency, i.e., twice the resonance frequency 2*{0, is
depressed as shown in 560-1' and the low frequency noise is
also depressed as shown in 560-2' when compared to the
conventional BPF signal transmissions as clearly illustrated
in FIG. 8B.

[0040] Referring to FIG. 10A for a circuit diagram of a
bandpass filter 600 of this invention that is basically the
same as the circuit of BPF 500 as that shown in FIG. 8A. An
inductor 610-1 is added that is connected between the
resonator 605-1 and the ground terminal. Also, an inductor
610-2 is added and connected between the resonators 605-2
and the ground terminal of the BPF. The inductors 610-1 and
610-2 are non-symmetrical. The added inductors 610-1 and
610-2 generates two zero transmission points at the second
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and third harmonic resonance frequencies shown as 560-1'
and 560-2' in FIG. 10B, as that described above. An
feedback coupling capacitor 620 is added between the input
and output terminals to generate a low frequency zero
transmission point at frequency f; shown as 620' in FIG.
10B.

[0041] Referring to FIG. 11A for a circuit diagram of a
bandpass filter 650 of this invention configured as symmetri-
cal resonator wherein a first pair of serial connected reso-
nator 660-1 and 660-2 each includes a capacitor and an
inductor generate a zero transmission point at a low fre-
quency 660" shown in FIG. 11B as f;. A second pair of
resonators 670-1 and 670-2 each includes a capacitor and an
inductor generate a zero transmission point at a high fre-
quency 670' shown in FIG. 11B as frequency f;;.

[0042] Referring to FIG. 12A for a circuit diagram of a
bandpass filter 700 of this invention configured as a com-
bined resonator that includes five nonsymmetrical resona-
tors. The first pair of nonsymmetrical resonators 710 and
720 connected in parallel wherein the resonator 710 has a
zero transmission resonance frequency at a first low fre-
quency fl.1 the resonator 720 has a zero transmission
resonance frequency at a first high frequency fH1. The first
pair of resonators 710 and 720 further functions as a first
combined resonator 725 with a transmission resonance
frequency f0. The second pair of nonsymmetrical resonators
730 and 740 connected in parallel wherein the resonator 730
has a zero transmission resonance frequency at a second low
frequency {1.2 the resonator 740 has a zero transmission
resonance frequency at a second high frequency fH2. The
second pair of resonators 730 and 740 further functions as a
second combined resonator 745 with a transmission reso-
nance frequency 0. The first combined resonator 725 is
connected to the second combined resonator 745 via a
serially-interconnected resonator 750 with a third zero-
transmission low frequency fI.3. FIG. 12B shows the wave-
form of the BPF with five zero transmission frequencies
having depressed signals at corresponding zero transmission
frequencies 710", 720', 730", 740' and 750'. The bandpass
signal f0 is now transmitted through this BPF 700 with
reduced noises at high and low frequencies when compared
to the conventional BPF.

[0043] The bandpass filter as described above can be
implemented by using micro-strip as that described in FIGS.
2A to 2C and 3A to 3B. Referring to FIG. 2A again, the
capacitors 125 and 150 is now replaced with two micro-
strips 125' and 150" respectively as that shown in FIG. 13.
The lengths of the microstrips 125' and 150" are adjusted to
generate a low zero-transmission resonance frequency fL
and a high zero-transmission resonance frequency fH for
reducing the low and high signal transmissions outside of
the designed transmission band of the BPF.

[0044] Referring to FIG. 14, a pair of feedback capacitor
1060 and 170 are connected to the resonators that function
together with the coupling microstrips 120 and 130 to
generate a zero-transmission resonance low frequency {L. for
further reducing the transmission of the low frequency
signals outside of the designed passband of the BPF.

[0045] The microstrip implementation can also be applied
to modify the BPF 200 as that shown in FIG. 3A by
replacing the capacitor 240 with a microstrip 240' to func-
tion as an inductor. By adjusting the length of the microstrip,
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the microstrip combined with the capacitor formed between
the coupling microstrips function as a resonator having a
combined resonator a zero-transmission frequency at either
a high or low resonance frequency fLL or fH to reduce the
high or low frequency signal transmissions outside of the
designed passband of the BPF.

[0046] FIG. 16 shows a BPF 200" as a variation of the BPF
200 shown in FIG. 3A wherein two microstrips 225-1' and
225-2' and 235-1' and 235-2' are formed to replace the
microstrips 225 and 235 of BPF 200 in FIG. 3A respec-
tively. The resonators formed are designed to resonate at a
second and third harmonic resonance frequencies to depress
a second and third harmonic high frequency noises. Addi-
tionally, the combined inductor functions together with the
feedback capacitor 240 further functions as a resonator with
a zero-transmission low frequency at fL. to depress the low
frequency noises.

[0047] FIG. 17 shows a BPF 200" as a variation of the
BPF 200"shown in FIGS. 3A and 16 wherein two micros-
trips 225-1' and 225-2' and 235-1' and 235-2' are formed to
replace the microstrips 225 and 235 of BPF 200 in FIG. 3A
respectively. Furthermore, two microstrips are serially con-
nected to the parallel capacitors 228 and 250 respectively.
The microstrips are function as inductors to function with
the capacitors as resonator thus generate another zero-
transmission low frequency at fI.1 to further depress the low
frequency noises.

[0048] According to FIGS. 2A to 17 and above descrip-
tions, this invention discloses a filter circuit that includes a
thin film layer supported on a substrate serving as a medium
layer for a capacitor formed between a top electrode layer
and a bottom electrode layer formed above and below the
thin film layer. The top electrode layer is patterned into
microstrips for functioning as an inductor for the filter
circuit.

[0049] This invention further discloses a method for
manufacturing a filter circuit. The method includes a step of
forming a thin film layer on a substrate to function as a
medium layer and forming a capacitor by forming a top
electrode layer and a bottom eclectrode layer above and
below the thin film layer. The method further includes a step
of patterning the top electrode layer into a microstrip for
functioning as an inductor for the filter circuit.

[0050] In essence, this invention discloses a BPF that
includes a top electrode layer and a bottom electrode layer
disposed above and below a thin dielectric layer supported
on a substrate wherein the top and bottom electrode layer
having microstrips to function as inductors and capacitors.
And, the bandpass filter further includes an attenuated
transmission frequency outside of a bandpass frequency
rang of the bandpass filter.

[0051] Although the present invention has been described
in terms of the presently preferred embodiment, it is to be
understood that such disclosure is not to be interpreted as
limiting. Various alternations and modifications will no
doubt become apparent to those skilled in the art after
reading the above disclosure. Accordingly, it is intended that
the appended claims be interpreted as covering all alterna-
tions and modifications as fall within the true spirit and
scope of the invention.
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We claim:
1. A filter circuit comprising:

a thin film layer supported on a substrate serving as a
medium layer for a capacitor between a top electrode
layer and a bottom electrode layer formed above and
below said thin film layer wherein said top electrode
layer further comprising a microstrip for functioning as
an inductor for said filter circuit.

2. The filter circuit of claim 1 wherein:

said thin film layer is a thin film layer composed of a
dielectric material.

3. The filter circuit of claim 1 wherein:

said thin film layer is a silicon nitride layer.
4. The filter circuit of claim 1 wherein:

said top electrode layer further comprising at least two
microstrips each functioning as an inductor and
coupled as a capacitor.

5. The filter circuit of claim 1 further comprising:

an adhesion layer disposed between said thin film layer
and said bottom electrode layer.

6. The filter circuit of claim 1 further comprising:

an adhesion layer comprising titanium (Ti), titanium
tungsten (TiW) and nickel chromium (NiCr) disposed
between said thin film layer and said bottom electrode
layer.

7. The filter circuit of claim 1 wherein:

said bottom electrode layer comprising copper, silver or
gold.

8. The filter circuit of claim 1 wherein:

said top electrode layer comprising copper, silver or gold.
9. The filter circuit of claim 1 further comprising:

a glass layer printed onto said substrate disposed below
said bottom electrode layer.

10. The filter circuit of claim 1 further comprising:

a ground layer disposed on a bottom surface of said
substrate.

11. The filter circuit of claim 1 wherein:

said substrate further comprising an aluminum oxide
substrate.

12. The filter circuit of claim 1 further comprising:

a protection layer overlying said top electrode for pro-
tecting said filter circuit.

13. The filter circuit of claim 1 further comprising:

a side-wrapping-around ground-connection layer for
wrapping around a side surface of said substrate for
connecting a circuit element on a top surface to said
ground layer disposed on said bottom surface of said
substrate.

14. The filter circuit of claim 1 further comprising:

a side-wrapping-around signal-connection layer for wrap-
ping around a side surface of said substrate to function
as a side terminal for connecting to a signal input or
output terminal to said filter circuit.
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15. The filter circuit of claim 1 wherein:

said filter circuit comprising a bandpass filter (BPF).
16. A bandpass filter (BPF) comprising:

a thin film dielectric layer supported on an aluminum
oxide substrate wherein said thin film dielectric layer
serving as a medium layer for a capacitor between a top
metallic electrode layer and a bottom metallic electrode
layer formed above and below said thin film dielectric
layer wherein said top electrode layer further compris-
ing a microstrip for functioning as an inductor for said
BPF;

said top electrode layer further comprising at least two
microstrips each functioning as an inductor and
coupled as a capacitor;

an adhesion layer disposed between said thin film layer
and said bottom electrode layer;

a glass layer printed onto said substrate disposed below
said bottom electrode layer;

a ground layer disposed on a bottom surface of said
substrate;

a protection layer overlying said top electrode for pro-
tecting said filter circuit;

a side-wrapping-around ground-connection layer for
wrapping around a side surface of said substrate for
connecting a circuit element on a top surface to said
ground layer disposed on said bottom surface of said
substrate; and

a side-wrapping-around signal-connection layer for wrap-
ping around a side surface of said substrate to function
as a side terminal for connecting to a signal input or
output terminal to said filter circuit.

17. The bandpass filter of claim 16 wherein:

said thin film layer is a silicon nitride layer.
18. The bandpass filter of claim 16 wherein:

said adhesion layer comprising titanium (Ti), titanium
tungsten (TiW) and nickel chromium (NiCr) disposed
between said thin film layer and said bottom electrode
layer.

19. The bandpass filter of claim 16 wherein:

said bottom electrode layer comprising copper, silver or
gold.
20. The filter circuit of claim 1 wherein:

said top electrode layer comprising copper, silver or gold.
21. A bandpass filter comprising:

a top electrode layer and a bottom electrode layer dis-
posed above and below a thin dielectric layer supported
on a substrate wherein said top and bottom electrode
layer having microstrips to function as inductors and
capacitors; wherein

said bandpass filter further having an attenuated transmis-
sion frequency outside of a bandpass frequency rang of
said bandpass filter.

22. The bandpass filter of claim 21 wherein:

said attenuated transmission frequency is a high fre-
quency attenuation frequency higher than said band-
pass frequency rang of said bandpass filter.
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23. The bandpass filter of claim 21 wherein:

said attenuated transmission frequency is a low frequency
attenuation frequency lower than said bandpass fre-
quency rang of said bandpass filter.

24. The bandpass filter of claim 21 wherein:

said attenuated transmission frequency is a high fre-
quency attenuation frequency at a second harmonic
resonance frequency of a bandpass frequency of band-
pass filter.

25. The bandpass filter of claim 21 wherein:

said attenuated transmission frequency is a high fre-
quency attenuation frequency at a third harmonic reso-
nance frequency of a bandpass frequency of bandpass
filter.

26. The bandpass filter of claim 21 wherein:

said bandpass filter having a high attenuated transmission
frequency and a low attenuated transmission frequency
at a higher frequency and a lower frequency respec-
tively than said rang of said bandpass filter.

27. The bandpass filter of claim 21 wherein:

said bandpass filter having at least two high attenuated
transmission frequencies and a low attenuated trans-
mission frequency at two higher frequencies and a
lower frequency respectively than said rang of said
bandpass filter.

28. The bandpass filter of claim 21 wherein:

said bandpass filter having at least two low attenuated
transmission frequencies and a high attenuated trans-
mission frequency at two lower frequencies and a
higher frequency respectively than said rang of said
bandpass filter.

29. A method for manufacturing a filter circuit compris-

ing:

forming a thin film layer on a substrate to function as a
medium layer and forming a capacitor by forming a top
electrode layer and a bottom electrode layer above and
below said thin film layer; and

patterning said top electrode layer into a microstrip for
functioning as an inductor for said filter circuit.
30. The method of claim 29 wherein:

said step of forming said thin film layer is a step of
forming said thin film layer with a dielectric material.
31. The method of claim 29 wherein:

said step of forming said thin film layer is a step of
forming said thin film layer as a silicon nitride layer.
32. The method of claim 29 wherein:

said step of patterning said top electrode layer further
comprising a step of patterning said top electrode layer
into at least two microstrips each functioning as an
inductor and coupled as a capacitor.

33. The method of claim 29 further comprising:

disposing an adhesion layer between said thin film layer
and said bottom electrode layer.
34. The method of claim 29 further comprising:

employing titanium (Ti), titanium tungsten (TiW) or
nickel chromium (NiCr) for forming an adhesion layer
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between said thin film layer and said bottom electrode
layer.
35. The method of claim 29 wherein:

said step of forming said bottom electrode layer compris-
ing a step of employing copper, silver or gold to form
said bottom electrode layer.

36. The method of claim 29 wherein:

said step of forming said top electrode layer comprising a
step of employing copper, silver or gold to form said
top electrode layer.

37. The method of claim 29 further comprising:

printing a glass layer onto said substrate for disposing said
glass layer below said bottom electrode layer.
38. The method of claim 29 further comprising:

forming a ground layer on a bottom surface of said
substrate.
39. The method of claim 29 wherein:

said step of supporting said bandpass filter on said sub-
strate further comprising a step of employing an alu-
minum oxide substrate for supporting said bandpass
filter.
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40. The method of claim 29 further comprising:

forming a protection layer overlying said top electrode for
protecting said filter circuit.

41. The method of claim 29 further comprising:

wrapping around a side surface of said substrate with a
side-wrapping-around ground-connection layer for
connecting a circuit element on a top surface to a
ground layer disposed on a bottom surface of said
substrate.

42. The method of claim 29 further comprising:

wrapping around a side surface of said substrate with a
side-wrapping-around signal-connection layer to func-
tion as a side terminal for connecting to a signal input
or output terminal to said filter circuit.

43. The method of claim 29 wherein:

said method of forming said filter circuit comprising a
step of forming said filter circuit as a bandpass filter
(BPF).



